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The invention includes a combustion engine exhaust sensor 
having a thick film heater printed on a substrate wherein the 
thick film heater includes a serpentine printed portion with 
an ink with higher electrical resistivity and a lead printed 
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with an ink with lower electrical resistivity. The use of 
multiple inks for the serpentine and the lead in the thick film 
heater results in an exhaust sensor having higher serpentine 
temperature, lower connector contact temperature, and 
lower cost. 

EXEMPLARY CLAIMS- The embodiments of the invention in 
which an exclusive property or privilege is claimed are 
defined as follows:; A product comprising: a thick film 
heater for a combustion engine exhaust sensor having a 
substrate and a heating element form on a face of the 
substrate, said heating element prepared from a first ink 
having a composition comprising, by weight, 50-75% of at 
least one selected from the group consisting of platinum, 
palladium, rhodium, and silver, 5-25% of an insulator being 
at least one selected from the group consisting of alumina, 
silica, cordierite and inorganic oxides; and a second ink 
comprising, by weight, 70-85% of at least one selected from 
the group consisting of platinum, palladium, rhodium and 
silver, and 0-5% of at least one selected from the group 
consisting of alumina, silica and cordierite, and wherein ink 
A is deposited on the substrate in a serpentine shape and ink 
B is deposited on the substrate in the shape of leads 
connecting to the serpentine shape.; A product as set forth 
in claim 1 wherein said insulator is at least one selected from 
the group consisting of alumina and cordierite.; A method of 
making a heater for a combustion engine exhaust sensor 
comprising: depositing a first ink in a serpentine shape on a 
face of a substrate; depositing a second ink in the shape of 
leads connecting to the serpentine shape, said first ink 
comprising, by weight, 50-75% of at least one selected from 
the group consisting of platinum, palladium, rhodium, and 
silver, 5- 25% of at least one selected from the group 
consisting of alumina, silica, cordierite and inorganic oxides; 
and second ink comprising, by weight, 70-85% of at least 
one selected from the group consisting of platinum, 
palladium, rhodium and silver, and 0-5% of at least one 
selected from the group consisting of alumina, silica and 
cordierite.; A method as set forth in claim 3 wherein said 
insulator is at least one selected from the group consisting of 
alumina and cordierite. 
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(54) Thick film heater with multiple inks for the serpentine and the lead 

(57) The invention includes a combustion engine 
exhaust sensor having a thick film heater printed on a 
substrate wherein the thick film heater includes a ser- 
pentine printed portion with an ink with higher electrical 
resistivity and a lead printed with an ink with lower elec- 
trical resistivity. The use of multiple inks for the serpen- 
tine and the lead in the thick film heater results in an 
exhaust sensor having higher serpentine temperature, 
lower connector contact temperature, and lower cost. 
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Description 

Field of the Invention 

This invention relates to combustion engine exhaust s 
sensors, and more particularly to an exhaust sensor hav- 
ing a thickf ilm heater with multiple inks for the serpentine 
and the lead. 

Background of the Invention 

A thick film heater is a conductor film stripe printed 
or embedded in a substrate of a combustion engine 
exhaust sensor. Traditional, the film is printed with an ink 
which includes primarily platinum and minor amounts 
other precious metal additives. 

A plate sensor element usually includes a substrate 
10, an air reference channel 12 formed in the substrate, 
a printed thick film heater including a serpentine portion 
14 and a lead 16 as shown in Figure 1. The serpentine 
portion includes substantially parallel legs with smaller 
width, which has a higher electrical resistance per unit 
length, than that of the lead. Generally, electrical resist- 
ance R of a conductor film material increases with tem- 
perature. When an electrical voltage V is applied to the 
heater, the electrical power P generated in the heater can 
be expressed as 




where R is inversely proportional to the cross-sectional 
area of the printed ink. Therefore, R increases with a 
reduction in the width of the ink printed on the substrate. 
As a result, the majority of the electric heat is generated 
in the serpentine due to its narrower width and thus 
higher electrical resistance. In applications, the serpen- 
tine is located in the region of the sensor substrate 
needed to be heated. The main purpose of the lead is 
conducting the electric current to the serpentine, 
although some heat is generated in the lead. 

One major concern in the thick film heater designs 
is temperature distribution. The ideal operating temper- 
ature of a typical exhaust sensor is roughly between 350 
to 850°C. On the other hand, the temperature in the con- 
nector contact area should be minimized for the durability 
of the electrical contact. To achieve the above tempera- 
ture distribution, the required electrical power and power 
distribution should be optimized along with the design of 
the sensor, i.e., size, packaging, and etc. 

Another major concern in the heater design is cost. 
The largest portion in the heater cost is the ink due to its 
high precious metal content. Therefore, an ideal heater 
should be made with minimum amount of ink to lower 
cost. 



Designing a thick film heater with one ink material 
for the serpentine and the lead to provide a desired tem- 
perature distribution with low ink amount is difficult. For 
example, it is desirable to lower the heat generation in 
the lead by printing the lead with greater width or height 
(thus lower resistance) to minimize the temperature at 
the connector end for durability. However, this would 
increase the amount of the heater ink. In addition, when 
the element size is very small, the width of the lead is 
limited by the element size. On the other hand, the 
amount of the ink can be reduced by printing the lead 
with less width or height. This approach would raise the 
resistance in the lead which increases the electrical 
power generation in the lead and decreases the electri- 
cal current flowing through the serpentine portion. Con- 
sequently, the connector contact temperature would rise 
and the temperature in the serpentine area would 
decrease. 

Another invention of mine is disclosed in U.S. Serial 
No. 08/332,165, entitled "Low Power Consumption Thick 
Film Heater" filed October 31 , 1994. 

The present invention overcomes many of the dis- 
advantages of the prior art. 

SUMMARY OF THE INVENTION 

The invention includes a combustion engine exhaust 
sensor having a thick film heater printed on a substrate 
wherein the thick film heater includes a serpentine por- 
tion printed with a first ink with higher electrical resistivity 
and a lead printed with a second ink with lower electrical 
resistivity. The use of multiple inks for the serpentine por- 
tion and the lead in the thick film heater results in an 
exhaust sensor having higher serpentine temperature, 
lower connector contact temperature, and lower cost. 

These and other objects, features and advantages 
will be apparent from the following brief description of the 
drawings, detailed description and appended claims and 
drawings. 

Brief Description of the Drawings 

Figure 1 illustrates a single ink heating element; 
Figure 2 illustrates a multiple ink heating element of 
an exhaust gas sensor according to the present 
invention for lower ink amount; 
Figure 3 illustrates a multiple ink heating element of 
an exhaust gas sensor according to the present 
invention for higher serpentine temperature and 
lower connector contact temperature; and 
Figure 4 compares the temperature distributions of 
the sensor with the single ink heater (Figure 1) and 
the sensor with multiple ink heater (Figure 3). 

Detailed Description of a Preferred Embodiment of the 
Present Invention 

A thickf ilm heater according to the present invention 
is made using a first ink with higher electrical resistivity 
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for the serpentine and a second ink with lower electrical 
resistivity for the lead. The serpentine is printed with an 
ink with a resistivity ranging from 600 nohm-m to 2000 
nohm-m at room temperature, preferably from 800 to 
1600 nohm-m, and most preferably from 900 to 1400 5 
nohm-m. The lead is printed with an ink with a resistivity 
ranging from 200 to 800 nohm-m, and preferably from 
300 to 600 nohm-m, and most preferably from 300 to 500 
nohm-m. Suitable ink compositions include noble metal, 
such as platinum, rhodium, palladium, silver, alumina, w 
silica, cordierite, and binder. 

In another invention of mine, disclosed in U.S. Serial 
No. 08/332,165 filed October 31, 1994 (Figure 1), the 
serpentine 14 and the lead 16 are printed with one ink, 
designated as ink A. Figure 2 illustrates a heating ele- 15 
ment for combustion exhaust sensor according to the 
present invention which use much less ink than a single 
ink heating element design. The serpentine portions of 
both heaters 14 and 24 are the same. In the present 
invention (Figures 2-3), the serpentine 24 is printed with 20 
ink A and the lead 26 and electrical contact pad 28 are 
printed with another ink, designated as ink B. The width 
of the lead 26 of the present invention is one third of the 
width of the lead 1 6 of Figure 1 . The electrical resistivity 
of ink A is three times of the electrical resistivity of ink B. 25 
Therefore, the resistances of the leads of the two heater 
designs are the same and the electrical and thermal per- 
formances are identical. The big saving comes from the 
amount of ink used in the heater lead of this invention. 
In Figure 1 , about 80% of the ink is used to print the lead 30 
16. The lead 26 in Figure 2 saves two thirds of the 80% 
of the total ink in the design of Figure 1 . This is more than 
50% saving in the total ink used in the serpentine and 
the lead. 

Figure 3 illustrates a heating element for combustion 35 
exhaust sensor according to the present invention which 
provides higher serpentine temperature and lower con- 
nector contact temperature than the prior art heating ele- 
ment. The serpentine 34 and the lead 36 patterns of this 
art are identical to those of Figure 1. However, the ink 40 
used for the lead 36 is different from that of the lead 16 
of Figure 1 . In the present invention, the serpentine por- 
tion 34 is printed with ink A and the lead 36 is printed 
with ink B. Therefore, the electrical resistance of the lead 
36 in Figure 3 is lower. This effect reduces the electric 45 
power generated in the lead while increases the current 
flowing through the serpentine. The results are a higher 
serpentine temperature and a lower connector contact 
temperature. Figure 4 illustrates the comparison of the 
temperatures of the sensor element according to the so 
present invention and my other invention (Figure 1). 

For Figures 1-4, ink A had a composition of, by 
weight, 69% platinum, 10% alumina and the balance 
being an organic binder; and ink B had a composition of, 
by weight, about 75% platinum and the balance an 55 
organic binder. According to the present invention, the 
serpentine heater portion may be ink A having a compo- 
sition of, by weight, about 50-75% noble metal which may 
be at least one of platinum, palladium, rhodium, and sil- 



ver, 5-25%, for example 6, 8, 10, 12, 15, 20%, of an insu- 
lator such as at least one of alumina, silica, cordierite 
and inorganic oxides, and the balance being an organic 
binder; and the lead portion may be ink B having a com- 
position of, by weight, 70-85% metal such as at least one 
of platinum, palladium, rhodium and silver, 0-5%, 0-4%, 
0-1% of an oxide which may be at least one of alumina, 
silica and cordierite, and the balance being an organic 
binder. 

Claims 

The embodiments of the invention in which an exclu- 
sive property or privilege is claimed are defined as fol- 
lows: 

1 . A product comprising: 

a thick film heater for a combustion engine 
exhaust sensor having a substrate and a heating 
element form on a face of the substrate, said heating 
element prepared from a first ink having a composi- 
tion comprising, by weight, 50-75% of at least one 
selected from the group consisting of platinum, pal- 
ladium, rhodium, and silver, 5-25% of an insulator 
being at least one selected from the group consisting 
of alumina, silica, cordierite and inorganic oxides; 
and a second ink comprising, by weight, 70-85% of 
at least one selected from the group consisting of 
platinum, palladium, rhodium and silver, and 0-5% 
of at least one selected from the group consisting of 
alumina, silica and cordierite, and wherein ink A is 
deposited on the substrate in a serpentine shape 
and ink B is deposited on the substrate in the shape 
of leads connecting to the serpentine shape. 

2. A product as set forth in claim 1 wherein said insu- 
lator is at least one selected from the group consist- 
ing of alumina and cordierite. 

3. A method of making a heater for a combustion 
engine exhaust sensor comprising: 

depositing a first ink in a serpentine shape on 
a face of a substrate; 

depositing a second ink in the shape of leads 
connecting to the serpentine shape, said first ink 
comprising, by weight, 50-75% of at least one 
selected from the group consisting of platinum, pal- 
ladium, rhodium, and silver, 5-25% of at least one 
selected from the group consisting of alumina, silica, 
cordierite and inorganic oxides; and second ink 
comprising, by weight, 70-85% of at least one 
selected from the group consisting of platinum, pal- 
ladium, rhodium and silver, and 0-5% of at least one 
selected from the group consisting of alumina, silica 
and cordierite. 

. A method as set forth in claim 3 wherein said insu- 
lator is at least one selected from the group consist- 
ing of alumina and cordierite. 
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